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A B S T R A C T   

SARS-CoV-2 causes a phenotype of pneumonia with diverse manifestation, which is termed as coronavirus 
disease 2019 (COVID-19). An impressive high transmission rate allows COVID-19 conferring enormous challenge 
for clinicians worldwide, and developing to a pandemic level. Combined with a series of complications, a part of 
COVID-19 patients progress into severe cases, which critically contributes to the risk of fatality. To date, coa-
gulopathy has been found as a prominent feature of COVID-19 and severe coagulation dysfunction may be 
associated with poor prognosis. Coagulopathy in COVID-19 may predispose patients to hypercoagulability-re-
lated disorders including thrombosis and even fatal vascular events. Inflammatory storm, uncontrolled in-
flammation-mediated endothelial injury and renin angiotensin system (RAS) dysregulation are the potential 
mechanisms. Ongoing efforts made to develop promising therapies provide several potential strategies for hy-
percoagulability in COVID-19. In this review, we introduce the clinical features of coagulation and the increased 
vascular thrombotic risk conferred by coagulopathy according to present reports about COVID-19. The potential 
underlying mechanisms and emerging therapeutic avenues are discussed, emphasizing an urgent need for ef-
fective interventions.   

1. Introduction 

The emergence of novel coronavirus disease 2019 (COVID-19) 
caused by SARS-CoV-2 has developed to a pandemic level, profoundly 
threatening the health of millions of people worldwide [1]. No effective 
agents against COVID-19 have been proved since the first case was 
reported. Although COVID-19 appears to be not that lethal than several 
major viral outbreaks like Severe Acute Respiratory Syndrome (SARS) 
in 2003 or Middle East respiratory syndrome (MERS), the character-
istics of which, however, are a much higher transmission rate together 
with greater lethality relative to influenza [2,3]. Moreover, the latent 
number of asymptomatic cases combined with the estimated basic re-
production number of 2.0–2.5 emphasizes the severity of the situation 
[4,5]. 

Belonging to coronavirus family of viruses like SARS-CoV [6], SARS- 
CoV-2 leads to a type of pneumonia with diverse manifestations in-
cluding fever (88.7%), cough (67.8%) and fatigue (38.1%) [7]. Severe 
patients suffer from dyspnea or hypoxemia and even experience acute 
respiratory distress syndrome (ARDS) or shock, which critically con-
tribute to the increased risk of a fatality [8]. 

Besides the common manifestations, hypercoagulability-related 
thrombotic vascular events are emerging issues in COVID-19 which 

should be addressed [9]. In this review, we discuss a timely topic that 
concerns hypercoagulability involving with thrombotic events and the 
potential underlying mechanisms in the context of COVID-19. Several 
emerging therapeutic strategies associated with coagulopathy are also 
discussed. 

2. Coagulation characteristics of COVID-19 

Based on data extracted from COVID-19 patients during the first two 
months of viral outbreak, 59.6% severe cases showed a feature of ele-
vated D-dimer (threshold as 0.5 mg/L) and average platelet count in 
severe-COVID-19 patients appeared to be lower than that in non-severe 
group, which attracted much attention on coagulopathy secondary to 
COVID-19 [7]. A retrospective cohort study enrolling 191 cases was 
published at March 11th, which introduced the clinical course and risk 
factors for adult deaths in COVID-19 patients in Wuhan, China. In this 
study, coagulation dysfunction was found in 27 (50%) non-survivors of 
COVID-19, with elevated D-dimer and prolonged PT [10]. In another 
study, with 183 cases enrolled and dynamic alterations in coagulation 
profiles recorded, Tang et al. reported a mortality of 11.5% in COVID- 
19 patients [11] and they found 15 (71.4%) of the deaths ascribed to 
COVID-19 met the diagnostic criteria of overt disseminated 
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intravascular coagulation (overt-DIC, ≥5 points) based on the inter-
national society on thrombosis and haemostasis (ISTH), however, only 
0.6% of the survivors matched the criteria [11]. Compared with those 
in survivors, the levels of D-dimer and fibrin degradation product (FDP) 
were significantly higher while PT was longer in non-survivors [11]. 

Accumulating evidences suggest the novel disease trigger shows 
evidence of coagulopathy. Table 1 lists some reports involving the 
coagulation characteristics of patients with COVID-19. 

As the number of PubMed citations increasing, according to the 
recent reports, D-dimer appears to has the potential to serve as an in-
dicator for disease progression and severity [25–27]. Coagulation dys-
function (increased D-dimer and prothrombin time) is related to higher 
risk of ARDS [28]. A meta-analysis aiming for the coagulation para-
meters includes 9 studies and found PT and D-dimer levels were sig-
nificantly higher in severe COVID-19 patients than mild cases, without 
significance in PLT and APTT changes [29]. Although the sample size, 
geographical location and groups division differ respectively, the ele-
vated level of D-dimer might be valuable in prediction of the severity 
and poorer prognosis in the context of this novel pneumonia, which was 
also supported by a pooled analysis included 4 published literatures 
[30]. 

A meta-analysis focusing on platelet count by Giuseppe Lippi et al. 
includes 9 studies enrolling 1779 COVID-19 patients (22.4% are severe 
cases) [31]. In this paper the pooled analysis indicated decreased pla-
telet count was related to severity of COVID-19 (weighted mean dif-
ference − 31 × 109/L; 95% CI, from −35 to −29 × 109/L) [31]. 
Moreover, thrombocytopenia was found to be associated with increased 
risk of deaths ascribed to COVID-19 [31]. Interestingly, Qu et al. did not 
find significant change in platelet counts between severe and non-se-
vere patients, however, they reported platelet peaks and platelet-to- 
lymphocyte ratio (PLR) at peak platelet were the influencing factors in 
predicting the severity of COVID-19, with an association with longer 
hospitalization [16]. Due to negative results of platelet count in part of 
present reports, the role of platelet count in COVID-19 still needs more 
efforts to uncover. 

In the sudden outbreak of COVID-19 most of current reports are 
restricted to the missing coagulation data or sample size. In addition to 
these limitations, to avoid potential bias, multi-center studies are ur-
gently needed to get a comprehensive understanding of the coagulation 
features in COVID-19 patients. 

3. Hypercoagulative thrombotic vascular events 

Although the characteristics of coagulation dysfunction in COVID- 
19 patients is still in study, it has been considered that elevated D-dimer 
level is the most typical marker and may enhance the risk of thrombotic 
proclivity [1,10,12]. Currently reported thrombotic vascular events by 
COVID-19 are reviewed as followed. 

3.1. Pulmonary embolism and venous thromboembolism 

Autopsies in deaths caused by SARS in 2003 revealed pulmonary 
embolism (PE) might be responsible for some cases [32]. Recently, a 
case report described the clinical characteristics of a 75-year-old 
COVID-19 female case [33]. She was SARS-CoV-2 positive and suffered 
from acute pulmonary embolism. There were no abnormalities in 
baseline ECG and no strong risk factors appeared to effect on her, which 
indicated the potential impact of COVID-19 on pulmonary embolism 
formation [33]. As the pandemic developed, more data suggested an 
increased prevalence of PE in COVID-19 patients [34]. Furthermore, the 
prevalence of venous thromboembolism (VTE) in severe COVID-19 
patients (25%) was reported in a retrospective study, in which 81 se-
vere patients were enrolled [35]. Elevated D-dimer and prolonged 
APTT were associated with VTE formation. 1.5 mg/L was set as 
threshold value of D-dimer to predict VTE, with the sensitivity of 85%, 
the specificity of 88.5% and the negative predictive value of 94.7% 
[35]. 

Table 1 
Features of coagulation parameters in COVID-19 patients.      

Reference Sample size Groups Coagulation parameters  

Wang et al. [1]. 138 ICU cases (vs. non-ICU cases) PT†, D-dimer*, PLT†, APTT† 
Zhou et al. [10] 191 COVID-19 Non-survivors (vs. survivors) PT*, D-dimer*, PLT‡ 
Tang et al. [11] 183 COVID-19 Non-survivors (vs. survivors) PT*, D-dimer*, FIB†, FDP*, APTT† 
Huang et al. [12]. 41 ICU cases (vs. non-ICU cases) PT*, D-dimer*, PLT†, APTT† 
Yin 

et al. [13] 
553 COVID-19 pneumonia 

(vs. Non-COVID-19 pneumonia) 
PT†, D-dimer†, PLT* 

Cheng 
et al. [14] 

33 COVID-19 pneumonia 
(vs. Non-COVID-19 pneumonia) 

PLT‡ 

Zhang 
et al. [15] 

95 Severe COVID-19 
(vs. Non-severe COVID-19) 

D-dimer*, PLT† 

Qu 
et al. [16] 

30 Severe COVID-19 
(vs. Non-severe COVID-19) 

PLT† 

Han 
et al. [17] 

134 COVID-19 pneumonia (vs. healthy counterparts) PT†, D-dimer*, FIB*, FDP*, APTT† 

Zhang 
et al. [18] 

140 Severe COVID-19 
(vs. Non-severe COVID-19) 

D-dimer* 

Chen 
et al. [19] 

21 Severe COVID-19 
(vs. moderate COVID-19) 

PT†, D-dimer*, PLT†, APTT‡ 

Wan 
et al. [20] 

135 Severe COVID-19 
(vs. mild COVID-19) 

PT*, D-dimer*, PLT‡, APTT* 

Liu 
et al. [21] 

30 Severe COVID-19 
(vs. Non-severe COVID-19) 

D-dimer* 

Peng 
et al. [22] 

112 Severe COVID-19 
(vs. Non-severe COVID-19) 

PT†, APTT† 

Mao 
et al. [23] 

214 Severe COVID-19 
(vs. Non-severe COVID-19) 

D-dimer*, PLT† 

Luca Spiezia 
et al. [24]. 

66 COVID-19 pneumonia (vs. healthy counterparts) PT†, D-dimer*, FIB*, PLT†, APTT† 

*increased, †no significance, ‡decreased. 
PT, prothrombin time; APTT, activated partial thromboplastin time; FDP, fibrin degradation products; PLT, platelet; FIB, fibrinogen;  
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3.2. Arterial disorders 

Additionally, F.A. Klok et al. reported an overall incidence of 31% of 
thrombotic complications (27% for VTE and 3.7% for arterial throm-
botic events) in ICU patients with COVID-19 [36]. Importantly, a recent 
reported COVID-19 case showed a feature of aortic free-floating 
thrombus coupled with pulmonary embolism without aortic athero-
sclerosis [37], emphasizing a relatively rare but fatal emergency in 
arterial thrombosis with COVID-19. The novel infectious disease may 
predispose patients to acute myocardial infarction (AMI), especially in 
the patients with preexisting atherosclerosis. Most of current literatures 
described the cardiac involvement of COVID-19 but the incidence and 
pathogenesis remain unclear, possibly due to the complicated me-
chanisms underlying AMI under a condition of infection. Plaque in-
stability, rupture and coronary thrombosis caused by activated mac-
rophages or endothelial injury could be causal in the formation of 
coronary artery thrombus, but SARS-CoV-2 may target to myocardial 
angiotensin-converting enzyme 2 (ACE2) or promote the myocardial 
infiltration of infected immune cells, thus induce direct myocardial 
injury [6,38] as evidenced by myocardial localization of SARS-CoV-2 
[39]. Of note, a strong association between respiratory viral infection 
and AMI (incidence ratio altered from 2.8 to 10.1 during 7-day infec-
tion) has been proved [40]. Recently, a case series describing 28 pa-
tients with COVID-19 and ST-segment elevated myocardial infarction 
(STEMI) showed that STEMI could represent the first clinical manifes-
tation of COVID-19. Interestingly, urgent coronary angiography could 
not figure out the culprit plaques in about 40% of these STEMI cases 
[41]. Given the fact that transportation and percutaneous interventions 
of AMI patients with COVID-19 confer high risk, in case of facing this 
potential challenge, coagulation management may be of importance 
and established in advance. 

Moreover, in a retrospective and observational case series including 
214 cases, clinical data revealed that patients with severe COVID-19 
had more cerebrovascular involvement (5.7% vs. 0.8%) and ex-
acerbated consciousness (14.8% vs. 2.4%) than non-severe cases, with 
an elevated level of D-dimer [23]. Zhang et al. reported 7 severe 
COVID-19 cases with acro-ischemia in Wuhan [42]. They found hy-
percoagulability (elevated D-dimer and FDP) existed in these severe 
cases with COVID-19 [42]. 

3.3. Antiphospholipid antibodies in COVID-19 

Finally, an alert is the situation in which three COVID-19 patients 
with antiphospholipid antibodies and multiple cerebral infarction were 
found by Zhang et al. in Wuhan, China [43]. The serologic testing 
suggested the presence of anticardiolipin IgA, anti-β2-glycoprotein I IgA 
and IgG in the case series without detected Lupus anticoagulant [43]. 
Another study presented the results of antiphospholipid antibodies in 
56 cases with confirmed or suspected COVID-19. The researchers found 
five of the included patients displayed abnormal antiphospholipid an-
tibodies (anticardiolipin or anti-β2-glycoprotein I) while nearly half of 
the cases were positive for Lupus anticoagulant [44]. The levels of 
antiphospholipid antibodies may arise in presence of serious illness, 
syphilis, systemic lupus erythematosus, autoimmune diseases or viral 
infection like hepatitis B virus [45,46], and could result in recurrent 
thromboembolic events [47]. A special subset of antiphospholipid 
syndrome (APS) is characterized as triple positive antibodies: Lupus 
anticoagulant, anticardiolipin and anti-β2-glycoprotein, which predis-
poses the patients to an increased risk of thrombosis [48]. Moreover, 
existing antiphospholipid antibodies might interact with inflammation 
or complement activation, resulting in worsened coagulopathy [49,50]. 
However, Galeano-Valle F et al. reported antiphospholipid antibodies 
were not increased in patients with COVID-19 and VTE. In this study 
the incidence of abnormal antiphospholipid antibodies and VTE was 
found low [51]. The presence of antiphospholipid antibodies was con-
sidered as potential evidence for early use of anticoagulants in COVID- 

19 patients with coagulopathy but more data are still required [44]. 
Nevertheless, clinicians need to be aware of this special abnormal 
characteristics ascribed to potential comorbidities and maintain keen 
vigilance. 

Interestingly, the observed coagulative profiles in COVID-19 pa-
tients appeared to reflect more of a hypercoagulability than of a con-
sumptive coagulopathy like DIC [24]. Most of COVID-19 patients did 
not meet the ISTH criteria of DIC, which has been identified as critical 
cause of micro-circulation dysfunction and the secondary organ failure 
in sepsis [52]. Although recent studies found evidences of thrombotic 
microangiopathy (TMA) in COVID-19 patients as evidenced by the 
findings of thrombus deposition in the microvessels of the lungs 
[53,54], prominent increase in D-dimer coupled with higher PLT than 
would be expected in the case of TMA was presented in COVID-19 
[55,56], which indicated this novel viral infection-related hypercoa-
gulability differed from that in the classical forms. SARS-CoV-1 infec-
tion has been found accompanied by pulmonary embolism, venous 
thrombus, thrombosis in micro-circulation, and multiple organ infarcts 
[32]. Coagulative parameters changed by SARS-CoV-1 are presented 
similar to COVID-19 but thrombocytopenia appears to be more evident 
while relatively modest reduction in PLT was shown in COVID-19 [55]. 
Another known coronavirus, MERS-CoV, could cause multiorgan failure 
and DIC in fatal cases but hypercoagulability and thrombocytopenia are 
deemed to be unusual in this setting of infection [57]. The features of 
coagulopathy induced by several causes are listed in Table 2. 

4. Potential mechanisms for COVID-19-associated 
hypercoagulability 

In general, the mechanisms accounting for coagulopathy in COVID- 
19 patients are complicated with multiple potential risk factors. Some 
specific notes should be paid attention to in studying the pathogenesis 
of hypercoagulability conferred by COVID-19 pandemic. 

4.1. Inflammation and hypercoagulability 

in response to virus, innate immunity is motivated to clear the pa-
thogen for the host but inevitable organs and tissues injuries are pro-
found when the inflammation cascade fails to be controlled. Extensive 
damage to vascular endothelium and activation of platelets by cyto-
kines storm result in coagulation dysfunction, thrombosis and throm-
boembolism [71]. On the other hand, over-activation of T lymphocytes 
accelerates the exhaustion of immune cells, decreases lymphocytes 
counts and confers risk of concurrent infection, thus possibly ag-
gravating coagulation malfunction in turn [72]. 

The novel virus invades various kinds of cells and acute disease 
progression is divided into 1) early infection phase, 2) pulmonary 
phase, 3) hyperinflammation phase [2]. The paradigms of severe cases 
ultimately progress into amplified immune system with inordinate 
systemic inflammatory cytokine storm [73,74]. Exaggerated over-acti-
vation of inflammation is corroborated by the inflammatory hallmarks 
of severe cases, including cytokines like interleukin (IL)-1β and in-
flammatory biomarkers like C-reactive protein, procalcitonin, and fer-
ritin [2,75]. Based on data from Tongji Hospital, Wuhan, Chen et al. 
found significant elevated levels of IL-6, IL-2R, IL-10 and TNF-α in se-
vere COVID-19 patients than those in moderate cases [19]. In a meta- 
analysis including 21 studies, totally 3377 patients, the authors re-
commend the monitor of lymphocyte count, platelet count, IL-6 and 
ferritin to track the illness progression [76] and Gao et al. demonstrated 
combined detection of IL-6 and D-dimer had good specificity and sen-
sitivity in predicting the potential worse outcomes [27]. 

IL-6 is one of the inflammatory cytokines featureing pleiotrophic 
effect [77], and mainly protects the host from infectious agents but 
sustained elevated level of IL-6 contributes to a series of chronic in-
flammatory diseases and even cancer [77–79]. Playing a critical role in 
acute inflammation, IL-6 induced a wide spectrum of proteins including 
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fibrinogen and thrombopoietin [77]. By triggering the downstream 
signaling transduction, activating complement pathway on endothelial 
cell membranes, or mediating vascular endothelial growth factor 
(VEGF) signaling, IL-6 promotes the destabilization of vascular en-
dothelial-cadherin leading to increased vascular permeability [77]. 
Moreover, IL-6 can increase the level of tissue factor allowing the 
conversion of prothrombin to thrombin, and then permits fibrin clot 
formation. Thrombin is able to induce IL-6 expression forming a re-
ciprocal feedback [77]. Additionally, IL-1-IL-6-STAT3 signaling was 
proved to promote the synthesis of fibrinogen in the lung and predis-
pose the pulmonary tissues to coagulation [80]. SARS-CoV-2 infection 
is likely to involve with enhanced fibrin formation combined with 
micro-thrombus deposition in alveolar space and pulmonary inter-
stitium [24]. Therefore, in COVID-19 patients, uncontrolled in-
flammation and elevated IL-6 may account for the hypercoagulative 
complications. 

4.2. ACE2 dysfunction and its thrombotic effect 

SARS-CoV-2 belongs to the lineage of coronaviruses and the me-
chanisms behind SARS-CoV may be helpful in the understanding of 
COVID-19. As the internalization receptor of SARS-CoV-2 [81], in 
concert with TMPRSS2 membrane protease, human ACE2 allows the 
viral entry and the subsequent biological process [82]. Even though two 
viruses appear to share the same target, Spike proteins of SARS-CoV-2 
shows impressive affinity for human ACE2 with over 10 fold than that 
of SARS-CoV [83]. ACE2 exists in a wide range of cell types [84] while 
even in T lymphocytes expressing less virus receptors, SARS-CoV-2 
could exhibit its infectivity through Spike protein-mediated membrane 
fusion [85]. Importantly, Wrapp et al. found three SARS-CoV Spike 
protein binding antibodies failed to effect when a trial was to target the 
Spike protein of the novel virus, all of which indicates SARS-CoV-2 
shows its own properties [83]. The unique features of this novel cor-
onavirus may be responsible for the impressive transmission rate of 
COVID-19. 

Due to the virus infection mediated by ACE2 and TMPRSS2, co- 
presence of the two proteins may underpin the tropism of SARS-CoV-2 
attack. To date, ACE2 and TMPRSS2 are found co-expressed in tissues of 
lung, heart, smooth muscle, kidney, and neurons, where clinical com-
plications usually occur [86]. The renin angiotensin system (RAS) is an 
innate hormone system that participates in regulating cardiovascular 
homeostasis [87]. The system of importance is mainly comprised of 
ACE/Angiotensin II (AngII) axis and ACE2/Ang-(1–7) axis [87]. As the 
key component of the former axis, AngII serves as the main effector of 
the RAS, which contributes critically to maintaining the homeostasis of 
internal environment. However, abnormal activation of ACE/AngII axis 
promotes various detrimental effects including oxidative stress, platelet 
aggregation and thrombosis [87]. In contrast to AngII signaling, Ang- 
(1–7) axis is beneficial in coagulopathy. ACE2 catalyzes the conversion 
of AngII to Ang-(1–7). Ang-(1–7) induces prostacyclin (PGI2) generation 
and NO release from endothelial cells through Mas signaling and sub-
sequent activation of PI3K/Akt/eNOS pathway, which results in an 
antiplatelet and antithrombotic effect [88]. Evidences suggest Ang- 
(1–7) can also activate Mas receptor in platelets directly, leading to 
increase NO and inactivated platelets [89]. Taken together, antith-
rombotic impact by Ang-(1–7) tends to involve the framework in vas-
cular endothelium and platelets interaction. More importantly, in 
spontaneous hypertensive rats, decreased ACE2 activity in thrombi was 
proved to be related to exacerbated thrombus formation while acti-
vating ACE2 could rescue the platelet aggregation-induced risk of 
thrombosis in microvessels [90]. 

Playing important role in the balance of AngII and Ang-(1–7), ACE2 
serves viral entry for both SARS-CoV-2 and SARS-CoV. Studies sug-
gested SARS-CoV infection markedly decreased the ACE2 expression 
which may underlie the mechanisms of cardiac dysfunction and coa-
gulopathy in this coronavirus infection [91]. Recently a study by Li Ta
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et al. reported that SARS-CoV-2 infections, but not MERS-CoV, in-
creased the transcriptional activity of ACE2 in primary human bron-
chial epithelial cells according to high-throughput RNA sequencing 
data [92], however, how ACE2 activity and expression are altered by 
SARS-CoV-2 in human tissues or serum is still unclear. To answer the 
question whether SARS-CoV-2 effects on coagulation by ACE2 mod-
ulation we need urgent and intense research. 

Other risks for hypercoagulability include some specific preexisting 
disease, hypoxemia, long-term immobilization and therapy-related 
factors like albumin infusion [84]. Although more and more articles are 
published online, an in-depth understanding of how COVID-19 and 
coagulopathy interact is far from illuminated [93]. Of note, study by Shi 
et al. has proved that a baseline of cardiac injury predisposes COVID-19 
patients to various complications like ARDS, acute kidney injury, ac-
companied with prolonged hospitalization and higher in-hospital 
mortality [94]. They found COVID-19 patients with preexisting cor-
onary heart disease (CHD) and cerebrovascular disease might be more 
susceptible to cardiac complications than those without these char-
acteristics (Incidence of cardiac complications: 29.3% vs. 6.0% and 
15.9% vs. 2.7%, respectively). Studies involving the pathogenicity of 
SARS-CoV revealed that the Spike protein of SARS coronavirus could be 
cleaved into S1 and S2 subunits by protease factor Xa, leading to in-
creased viral infectivity [95]. Intriguingly, an article revealed that an 
inserted furin site in the Spike protein of SARS-CoV-2 may be cleaved 
by plasmin(ogen), resulting in increased infectivity of the novel virus, 
which may account for the susceptibility of patients with coronary 
heart disease or cerebrovascular disorders to COVID-19 [96]. Pre-
existing cardiac or cerebral distress is often accompanied by endothelial 
injury conferring the risk of thrombotic proclivity and coagulopathy, 
which deteriorates vascular disturbance and allows critical SARS-CoV-2 
infection leading to worse outcomes in this viral pandemic. However, 
patients with such chronic medial illness can also be weaker and more 
likely to need ICU admission. No direct evidence has been found to 
demonstrate hypercoagulability promotes COVID-19 infection or pro-
gression, which may be an interesting issue for future studies. 

5. Promising strategies for hypercoagulability in COVID-19 

First of all, sufficient support care is necessary throughout the 
progression of COVID-19 such as vital signs monitoring, oxygen 
therapy, ventilation, and extracorporeal membrane oxygenation 
(ECMO) in condition of critical illness [84]. The application of anti-
biotics tends to be beneficial in case of infection by other pathogens 
secondary to COVID-19. The convalescent serum containing im-
munoglobulin from recovered COVID-19 patients may also be a choice 
adjunct to cautious care and antiviral strategies, to optimize the in- 
hospital management. 

5.1. Antiviral strategies 

Direct antiviral agents are the therapeutic basis of any virus infec-
tion and viral complications including hypercoagulability. With regard 
to the primary cause of COVID-19, potential virally targeted pharma-
cologic treatments are being studied on a basis of viral structure and the 
known antiviral agents [97]. Currently targets that may be of use to 
combat SARS-CoV-2 include 3-chymotrypsin-like protease (3CLpro), 
Spike, RNA-dependent RNA polymerase (RdRp) and papain like pro-
tease (PLpro) [97–99]. Remdesivir is found to exhibit direct antiviral 
effect by inhibiting RdRp in SARS-CoV-2 with high potency [99,100]. 
Despite of a lack in randomized, placebo-controlled trials, remdesivir 
inspiringly improved clinical outcomes in the cohort of 61 severe 
COVID-19 patients with compassionate-use of remdesivir [101]. 
Moreover, by using target-based virtual ligand screening and compound 
database, Wu et al. screened out 78 commonly used drugs, which 
contains agents on the market such as nicardipine, sildenafil and tel-
misartan [98]. Additionally, some compounds isolated from natural 

products were listed as potential PLpro inhibitors by Wu et al. like 
(−)-Epigallocatechin gallate from Camellia sinensis [98], suggesting 
potent benefits of drinking tea in this pandemic. 

An agent that was reported effective in mitigating SARS-CoV-2 in-
fection in vitro is hydroxychloroquine [102]. Hydroxychloroquine has 
been proved beneficial in patients with antiphospholipid antibodies by 
attenuating endothelial dysfunction, complement and inflammation, 
thus reducing the risk of thrombosis [103,104]. COVID-19 patients are 
characterized by higher thrombosis risk and antiphospholipid anti-
bodies test could be positive in the novel disease, which may encourage 
a further use of hydroxychloroquine. However, as more evidences are 
accumulated, adverse effects of hydroxychloroquine confer a debate in 
the benefits of the agent, which promotes a necessary rethinking [105]. 
The potential drug targets have been reviewed [106,107] and ongoing 
efforts will help with limiting the evolvement of COVID-19 worldwide. 

5.2. Direct antithrombus treatment 

To date, elevated D-dimer appears to be considered a risk factor for 
severe COVID-19 progression and increased incidence of thrombotic 
complications suggests anticoagulation strategies may benefit in SARS- 
CoV-2 infection. In the study by Tang et al., anticoagulant treatment by 
heparin (mainly low molecular weight heparin, LMWH, 40-60 mg en-
oxaparin/day) was proved beneficial in COVID-19 patients with coa-
gulation dysfunction. The use of anticoagulant agents significantly 
improved the 28-day mortality only in severe cases (40.0% vs. 64.2%) 
in which sepsis-induced coagulopathy (SIC) score was over 4 points. In 
patients with overt elevated D-dimer (> 6 ULN or  >  8 ULN, ULN: 
upper limit of normal, 0.5 mg/L), heparin application significantly re-
duced the mortality (32.8% vs. 52.4% and 33.3% vs. 54.8%, respec-
tively) [108]. 

Recently as the COVID-19 pandemic outbreaks the versatile role of 
heparin was proposed [109]. In this paper, Thachil J described multiple 
effect of heparin in COVID-19. Besides its anticoagulant property by 
blocking thrombin, heparin may exhibit antiinflammatory in the con-
text of COVID-19. As Thachil J summarized, the non-anticoagulant ef-
fect may possibly involve with the suppression of neutrophil chemo-
taxis or leukocyte migration, inhibition of complement components like 
C5a, protecting microvascular endothelium from disturbance, direct 
binding to cytokines and even potential antiviral activity [109]. How-
ever, heparin or LMWH administration needs more consideration about 
the dose and coagulation features of patients because in COVID-19 
patients with mild coagulopathy (4 ULN  >  D-dimer > 1 ULN) antic-
oagulant treatment showed no benefits and appeared to be even det-
rimental in patients without elevated D-dimer (mortality: 33.3% vs. 
9.7%, P = .260) [108]. Another study found routine anticoagulative 
prophylaxis (5000 U subcutaneous heparin every 8 h, 40 mg en-
oxaparin per day or 30 mg enoxaparin twice a day) appeared to be 
inadequate to prevent VTE formation in the patients with severe 
COVID-19. Despite of anticoagulants administration, VTE still devel-
oped in 28% of the included critical ill cases (31/109), in which the 
levels of D-dimer were significantly elevated [110]. Additionally, he-
parin resistance should be noted in patients with high level of factor VII, 
in which the anti-Xa level might be a more suitable parameter to 
monitor the coagulation function with heparin treatment [111]. 

Besides anticoagulants, fibrinolytic and antiplatelet agents are 
considered for COVID-19 associated hypercoagulability. Cases were 
reported that treatment of tissue plasminogen activator (tPA) may im-
prove the respiratory status [112,113], but a sustained use may be re-
quired because the observed improvement in patients lost when tPA 
infusion was discontinued [114]. A case control, proof of concept study 
aimed to examine the potential effect of enhanced platelet inhibition 
plus anticoagulation, which consisted of tirofiban, fondaparinux, and 
platelet inhibition by dual antiplatelet therapy (DAPT, including acet-
ylsalicylic acid and clopidogrel). The researchers found this combined 
therapy might attenuate gas exchange deficit as evidenced by improved 
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A-a O2 difference in patients with severe COVID-19 [115]. Of note, the 
suspicion of a protective role of DAPT arises because Rosario Rossia 
et al. reported that chronic direct oral anticoagulants, but not DAPT, 
was an independent parameter associated with better outcomes and 
survival in their population with COVID-19 [116]. However, a recent 
multicenter observational study showed negative results. 192 patients 
with confirmed COVID-19 were enrolled and neither antiplatelet nor 
anticoagulant therapy conferred benefits in the prevention of ARDS or 
improving survival [117]. As the protective effect of direct antith-
rombus treatment might be in doubt, a randomized study enrolling 
more patients are in need and more efforts should be made to establish 
the antithrombus strategy which is tailored to each subset of popula-
tion. 

5.3. Antiinflammatory and anticomplement therapy 

Corticosteroids are widely used in the inflammatory disease in-
cluding SARS and MERS, however, the results from a meta-analysis 
including 15 studies (5270 patients of coronavirus) questioned the ef-
fect of corticosteroids on coronavirus infection (SARS-CoV-2, SARS- 
CoV, and MERS). The analysis indicated that use of corticosteroids may 
lead to higher mortality (RR = 2.11, 95%CI = 1.13–3.94, P = .019), 
prolonged hospitalization (weighted mean difference [WMD] = 6.31, 
95%CI = 5.26–7.37, P  <  .001), increased risk of concurrent bacterial 
infection (RR = 2.08, 95%CI = 1.54–2.81, P  <  .001) and hypoka-
lemia (RR = 2.21, 95%CI = 1.07–4.55, P = .032) [118], which called 
for a cautious administration of corticosteroids in COVID-19. As we 
discussed above, IL-1 drives IL-6/STAT3 signaling to promote coagu-
lation while IL-6 may serve as a crucial mediator in the coagulation 
process [77,80]. Both of the two inflammatory cytokines levels are 
elevated in COVID-19 patients and participate in the inflammatory 
cascade. Blocking inflammation with antibodies or pharmacologic 
agents may be beneficial in the management of COVID-19 patients. 
Tocilizumab and sarilumab target to IL-6 signaling, and have been 
approved for the treatment of rheumatoid arthritis [119]. Recently a 
retrospective study showed an efficient treatment of tocilizumab in 21 
patients with severe COVID-19 as evidenced by improved manifesta-
tions and radiological changes in most of the cases [120]. A single- 
center case series describing 15 patients was published, in which Luo 
et al. reported the use of tocilizumab might benefit in ameliorating the 
cytokine storm and improving the clinical outcomes in COVID-19 pa-
tients, but the good response to tocilizumab might be partly dependent 
on repeated doses and severity of the illness. In this paper, the mono-
clonal antibody appeared to fail to rescue lives in critical severe cases, 
especially when a single dose was administrated [121]. In another re-
ported clinical series, Maurizio Benucci et al. found sarilumab helped 
improving the outcomes of COVID-19 patients with decreased level of 
inflammatory parameters (C-reactive protein and serum amyloid A) 
[122]. Due to the small number of enrolled patients and limitations of 
study design, the potential effect of blocking IL-6 signaling on disease 
progression of COVID-19 needs data of clinical trials to elucidate. Using 
multiple ligand simultaneous docking (MLSD) and drug repositioning, 
Li et al. showed bazedoxifene and raloxifene, which are approved 
agents for osteoporosis in post-menopausal women with high risk of 
breast cancer, could inhibit IL-6/glycoprotein 130 interaction resulting 
in inhibited IL-6 signaling [123]. These two drugs are found to inhibit 
IL-6 signaling in tumor and cardiovascular disease including aortic 
aneurysm [124–127], which may also effect in other inflammatory 
settings. In a randomized, double-blind trial conducted by Ridker PM 
et al., antiinflammatory treatment by anti-IL-1β antibody canakinumab 
decreased the rate of recurrent cardiovascular events than placebo 
[128]. However, whether these antiinflammatory agents can succeed in 
COVID-19 still remains unknown. 

Another approach may be the anticomplement therapy. Recently, 
Vijendra Ramlall et al. found that a history of macular degeneration, 
which is identified as a disorder with complement activation, could be 

associated with increased morbidity and mortality in COVID-19 pan-
demic [129]. A pre-print paper showed SARS-CoV-2 could interact with 
mannose binding lectin (MBL) to involve with complement activation. 
The N protein of SARS-CoV-2 activates mannose-binding protein-asso-
ciated serine protease 2 (MASP-2) and promotes C4 cleavage, resulting 
in C4b deposition, both of which were stained positive in alveolar 
epithelial cells of the pulmonary tissues from the cases with COVID-19, 
in which the level of serum C5a was also elevated [130]. Moreover, 
another pre-print paper found that complement activation might play a 
role of importance in driving the pathogenesis of immunothrombosis in 
COVID-19 [131]. In atypical hemolytic uremic syndrome characterized 
by excessive complement activation, long-acting C5 complement in-
hibitor ravulizumab can ameliorate the hematologic and renal dys-
function [132]. Complement inhibition is proved beneficial with alle-
viated pulmonary function in murine models that infected by SARS-CoV 
and MERS-CoV [133,134]. Over-activation of complement occurs in the 
contexts of many disorders, which may result in diffuse TMA and end 
organ dysfunction [135]. As Courtney M. Campbell and Rami Kahwash 
proposed, complement inhibition may be a new strategy combating 
COVID-19 [135]. As they list in this published opinion, the clinical 
features of severe COVID-19 are similar to the characteristics of com-
plement dysregulation, e.g. increased levels of LDH, D-dimer, and TMA 
as reported. 

COVID-19 patients in hyperinflammation phase may suffer from 
uncontrolled inflammatory cascade combined with the immune com-
plex-triggering robust motivation of complement, with subsequent se-
vere hypercoagulability. Diminishing the two synergistic immune re-
actions may aid in the management of COVID-19 patients. However, it 
may be in debate: if the inflammatory cytokines are protective to 
achieve pathogen clearance, or detrimental allowing the amplified in-
flammation and viral damage. More studies into the existing queries 
will be of utmost importance. 

5.4. Recombinant human ACE2 and Ang-(1–7) 

The interaction of SARS-CoV-2 and ACE2 provides potential targets 
to combat the viral entry. A systemic review introduced that cellular 
ACE2 may be shed into a soluble form in stress [136]. One of the 
strategies is recombinant human ACE2 (RhACE2) infusion, which is 
based on the hypothesis that this recombinant protein may serve as a 
decoy receptor and bind to the Spike protein of the novel coronavirus, 
thus diminishing the viral entry, attenuating the viral deterioration to 
cellular ACE2 activity and rebalancing AngII and Ang-(1–7) signaling. 
Recently instructive results published in Cell showed soluble RhACE2, 
but not recombinant mouse ACE2, could inhibit SARS-CoV-2 infection 
in engineered human tissues, which provide promising evidence for the 
aforementioned hypothesis [137]. Moreover, the antithrombotic effect 
of xanthenone (XNT, ACE2 activator) has been tested in hypertensive 
and normotensive rats [90] and its further use in coagulopathy may be 
discussed in future. 

Another pharmacologic avenue is Ang-(1–7) administration. This 
therapeutic strategy has been limited to the short half-life and gut de-
gradation before its absorption, until HPβCD/Ang-(1–7) was developed 
to provide the oral availability of Ang-(1–7), of which the antith-
rombotic properties are already verified in rats [138]. Replenishing 
Ang-(1–7) may help with redefining the imbalance of RAS system, 
serving a potential antihypertensive, antiinflammatory and antith-
rombotic effect in COVID-19. 

6. Conclusion 

An impressive high transmission rate allows COVID-19 pandemic 
conferring great challenge for clinicians across the world. COVID-19 
can cause severe respiratory dysfunction combined with multiple 
complications including cardiovascular disorders, renal dysfunction, 
cerebral events and shock. Hypercoagulability is being discussed as a 
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prominent feature of COVID-19, which may affect the prognosis by 
promoting thrombotic vascular events, especially in severe cases. The 
mechanisms underlying the coagulation dysfunction may be associated 
with inflammatory storm, uncontrolled inflammation-mediated en-
dothelial injury, and renin angiotensin system (RAS) dysregulation. 
However, more studies are needed to get a better understanding of 
COVID-19. To achieve tailored therapy for COVID-19, the identification 
of effective interventions combating the novel virus and adequate 
management of patients are of importance. The selected potential 
compounds by screening will provide more possibility for optimization 
of clinical work. With the ongoing efforts, we hope that the COVID-19 
pandemic may be triumphed over. 
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